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httpCarotid endarterectomy signiﬁcantly improves
postoperative laryngeal sensitivity
Georg Philipp Hammer, MD,a Peter Valentin Tomazic, MD,a Sarah Vasicek, MD,a Matthias Graupp, MD,a
Markus Gugatschka, MD,a Anneliese Baumann, MD,b Peter Konstantiniuk, MD,b and
Stephan Herwig Koter, MD,b Graz, Austria
Objective: Iatrogenic injury of the vagus nerve or its branches during carotid endarterectomy (CEA) can result in globus
sensation, dysphagia, and even vocal fold immobility. Knowledge of morphologic and functional laryngopharyngeal
outcomes after CEA is poor. The present study was performed to determine potential iatrogenic damage to the laryngeal
innervation after CEA. An area of particular interest was the supraglottic sensory threshold, which was examined by
Fiberoptic Endoscopic Evaluation of Swallowing With Sensory Testing (FEESST; Pentax Medical Company, Montvale,
NJ), a validated and safe method for the determination of the motor and sensory components of swallowing.
Methods: FEESST was used preoperatively in 32 patients scheduled to undergo CEA and twice postoperatively to examine
the motor and sensory components of swallowing. In this endolaryngeal examination, laryngopharyngeal sensory
thresholds (in mm Hg) were deﬁned as normal at <4.0 mm Hg air pulse pressure (APP), moderate deﬁcit at 4.0 to
6.0 mm Hg APP, or severe deﬁcit at >6.0 mm Hg APP, with a value >10.0 mm Hg APP indicating abolished laryngeal
adductor reﬂex. Acoustic voice parameters were also analyzed for further functional changes of the larynx.
Results: The mean 6 standard deviation preoperative FEESST measures showed no signiﬁcant differences (P [ .065)
between the operated-on side (6.73 6 1.73 mm Hg) and the opposite side (5.83 6 1.68 mm Hg). At 2 days post-
operatively, the threshold increased (P [ .001) to 7.62 6 1.98 mm Hg on the operated-on side. A laryngopharyngeal
mucosal hematoma on the operated side was endoscopically detectable in eight patients (30.8%); in these patients, we
found a markedly elevated (P [ .021) measure of 9.50 6 0.93 mm Hg. On the opposite (nonoperated-on) side of the
laryngopharynx, the thresholds remained at the same level as preoperatively over all assessments (P >.05), whereas the
differences between the operated and nonoperated-on sides and the hematoma and nonhematoma groups were highly
signiﬁcant (P [ .004 and P [ .001, respectively). Surprisingly, the sensory threshold on the operated-on side
(6.08 6 2.02 mm Hg) decreased signiﬁcantly at the 6-week follow-up, even in relation to the preoperative measure
(P [ .022). With the exception of one patient with permanent unilateral vocal fold immobility, no signs of nerve injury
were detected.
Conclusions: In accordance with previous reports, injuries to the recurrent laryngeal nerve during CEA seem to be rare. In
most patients, postoperative symptoms (globus, dysphagia, dysphonia) and signs fade within a few weeks without any
speciﬁc therapeutic intervention. This study shows an improved long-term postoperative superior laryngeal nerve
function with regard to laryngopharyngeal sensitivity. (J Vasc Surg 2016;64:1303-10.)Hoarseness, dysphagia, and globus sensation are
common complaints after surgical interventions of the
neck in cases in which laryngeal innervation is affected.1
Several complications have been particularly well studied
and documented in thyroid surgery.2-7 Iatrogenic injury
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://dx.doi.org/10.1016/j.jvs.2016.04.032can result in severe dysphagia and may even cause vocal
fold paralysis.1 These symptoms are also reported by
patients after vascular surgical procedures such as carotid
endarterectomy (CEA). Functional examinations of the lar-
ynx after thyroid surgery are routine. This is not the case
after CEA, however, and little is known regarding the func-
tional effect on the laryngopharynx.8-16
The superior laryngeal nerve (SLN) leaves the vagus
nerve just below the nodose ganglion and crosses the
carotid artery dorsally before dividing into two branches.
The external branch of the SLN (EBSLN) is ofmotor quality
anddescendsmainly deep and parallel to the superior thyroid
artery to supply the cricothyroidmuscle. The internal branch
of the SLN (IBSLN) passes through the thyrohyoid
membrane together with the superior laryngeal vessels and
is distributed to the laryngeal mucosa above the vocal folds,
supplying sensory and secretory innervations.
There are different kinds of anastomoses between the
internal, external, and recurrent laryngeal nerves; a high
degree of variability in the prevalence of these anastomoses
could explain the variability of vocal fold position after laryn-
geal paralysis.17-19 Jafari et al20 proposed that an afferent1303
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tis is necessary for normal deglutition, especially for
providing feedback to central neural circuits that facilitate
glottic closure during the pharyngeal phase of swallowing.
All participants in their study,whowere anaesthetized locally
at the IBSLN in the paraglottic space, reported a sensation of
labored or effortful swallowing and globus sensation.20
Exposure of the carotid arteries (common, internal, and
external) is a routine surgical step during CEA for arterial
clamping and arteriotomy. Owing to the proximity of these
blood vessels to the vagus nerve as well as the SLN and its
branches, and because of potential anatomic variations, these
are the principal cranial nerves at risk during CEA.21
The present study was performed to determine poten-
tial iatrogenic damage to the laryngeal innervation after
CEA. An area of particular interest was the supraglottic
sensory threshold, which was examined by Fiberoptic
Endoscopic Evaluation of Swallowing With Sensory
Testing (FEESST; Pentax Medical Company, Montvale,
NJ), a validated and safe method for the determination
of the motor and sensory components of swallowing.22,23
We performed FEESST in a prospective examination of a
cohort of patients undergoing CEA, in addition to evalua-
tion of voice quality by acoustic voice analysis according to
the guidelines of the European Laryngological Society.24
METHODS
The Medical University of Graz Institutional Ethics
Committee approved this study. The study included 32
patients scheduled to undergo CEA for asymptomatic
carotid stenosis. CEA (internal and external carotid artery)
was performed at the Medical University of Graz Depart-
ment of Vascular Surgery according to international guide-
lines.25,26 Each patient provided written informed consent
before entering the study.
We included only patients with a hemodynamically
relevant stenosis of the carotid artery (>70%) evaluated
by Doppler ultrasound imaging and magnetic resonance
angiography (MRA) but with no history of neurologic
deﬁcits. Further exclusion criteria were previous surgical
interventions in the head, neck, and chest, as well as irradi-
ation of the head and neck. To minimize bias, selection
according to these criteria was performed by a single exam-
iner (S.K.) without informing the surgeons preoperatively
or postoperatively.
A questionnaire was used to prospectively record
historical data (tobacco use, diabetes mellitus) and com-
plaints of dysphagia, aspiration, globus sensation, dyspnea,
or dysphonia for every participant preoperatively andpostop-
eratively. After questionnaire completion, we used the
FEESST system and Slide-On Sensory Endo-Sheath ENT
5000 (Medtronic Xomed Inc, Jacksonville, Fla) to examine
the endolarynx in conjunctionwith a speech pathologist. Ac-
cording to Aviv et al22,23 laryngopharyngeal sensory thresh-
olds (in mm Hg) were deﬁned as normal at <4.0 mm Hg
air-pulse pressure (APP), moderate deﬁcit at 4.0 to
6.0 mm Hg APP, or severe deﬁcit at >6.0 mm Hg APP,
with a value >10.0 mm Hg APP indicating abolishedlaryngeal adductor reﬂex. To minimize detection bias, a sin-
gle examiner (G.P.H.) performed every endoscopic evalua-
tion without knowledge of previous results during the
follow-up examinations. Although Johnson et al27 demon-
strated that the use of topical nasal anesthesia does not alter
laryngopharyngeal sensation, we wanted to acquire 100%
clear data and so did not use any topical lubricant.
Acoustic voice parameters were also recorded in each
patient with a double-microphone headset from Voice
Proﬁler 4 (rpSzene; Rehder Software GmbH, Hamburg,
Germany). The mean fundamental frequency of the voice,
highest and lowest pitch, and the softest and loudest
phonation were assessed during reading of the German
standard text “Der Nordwind und die Sonne.” The sam-
ples were recorded using the original headset provided by
the manufacturer, placed 10 cm in front of the patient’s
mouth by sustaining a vowel at comfortable pitch and
loudness for 4 seconds. First, the entire text was read
with normal phonation; then, in a second passage, the
patient read the ﬁrst part of the text loudly, followed by
the second part softly. We determined the parameters jitter
(%), shimmer (%), fundamental frequency (in Hz), and
mean phonation time (in seconds). As an objective and
quantitative correlate of perceived vocal quality, the
dysphonia severity index (DSI) was calculated. The DSI
score ranges from þ5 for a perceptually normal voice
to 5 corresponding with a perceptually dysphonic voice;
the more negative the DSI, the worse the patient’s vocal
quality.28 All acoustic parameters were evaluated using
the Multi-Dimensional Voice Program (KAYLAB Signal
Analyses Workstation, Model 3700, 32 bit, version 2.2;
Kay Elemetrics Corp, Lincoln Park, NJ).
The described procedures were repeated twice postop-
eratively. As suggested by Dionigi et al,29 we performed
the ﬁrst follow-up examination 2 days after the surgical
intervention to increase the likelihood of detecting morpho-
logic and functional alterations of the laryngopharynx. The
second follow-up examination was performed at 6 weeks
along with the standard follow-up examination at the
Department of Vascular Surgery.
For veriﬁcation, all data were entered into an Excel
2010 version 14.0 spreadsheet (Microsoft, Redmond,
Wash). Statistical analysis was performed with SPSS 21.0
software (IBM Corp, Armonk, NY). To test for statistical
signiﬁcance between the different assessment times, we
used analysis of variance or the nonparametric Friedman
test, depending on the data distribution determined by
the Kolmogorov-Smirnov test. Intergroup differences
were assessed by a one-tailed t-test. The c2 test was used
to assess the correlation between upper aerodigestive symp-
toms and the presence of laryngopharyngeal hematoma at
the respective assessment times. In all analyses, a P value
of <.05 was considered statistically signiﬁcant. Mean data
are shown with the 6 standard deviation.
RESULTS
We prospectively examined 32 Caucasian patients. The
study excluded six patients postoperatively for various
Table I. Upper aerodigestive symptoms preoperatively
and postoperatively in 26 patients
Variable
Preoperative,
No. (%)
Postoperative
2 days,
No. (%)
6 weeks,
No. (%)
Dysphagia 0 (0) 10 (38.5) 1 (3.8)
Odynophagia 0 (0) 16 (61.5) 0 (0)
Globus 3 (11.5) 10 (38.5) 4 (15.4)
Dysphonia 2 (7.7) 11 (42.31) 3 (11.5)
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tively, which improved after 2 weeks; 2 patients had a
severe gag reﬂex, which made FEESST impossible; and 3
patients were lost to follow-up. In all, the study included
26 patients, seven women (26.9%) and 19 men (73.1%).
The patients were aged 73.31 6 6.2 years (range,
64-86 years), with women aged 72.71 6 4.7 years (range,
65-80 years) and the men aged 73.53 6 6.8 years (range,
64-86 years).
Medical histories included diabetes mellitus in 10
patients (38.5%), current or past smoking in 8 (30.8%),
and both diabetes and smoking in 4 (15.4%). The preoper-
atively and postoperatively elicited upper aerodigestive tract
symptoms are listed in Table I.
The preoperative ﬂexible laryngoscopic examination
showed normal bilateral vocal fold mobility, with complete
glottic closure in all patients. They were also able to handle
pure and thickened water appropriately, and no drooling,
pharyngeal pooling, laryngeal penetration, or aspiration
was observed.
After surgery, one patient (3.8%) showed vocal fold
immobility on the operated-on side, which persisted until
the last follow-up examination. Because of the persisting
dysphonia, without any other symptoms, this patient was
observed until 16 months after CEA, and no recovery of
vocal fold mobility was detected.
Eight patients (30.8%) showed postoperative hema-
toma and swelling of the supraglottic mucosa on the
operated-on side, without any sign of extensive hematoma
in the soft tissue in the neck; three of these patients also
showed a hematoma of the ipsilateral vocal fold. We found
hypopharyngeal pooling on the operated-on side, with
slight laryngeal penetration in ﬁve patients (19.2%), but
no aspiration or reﬂux was seen. These postoperative
lesions (except the unilateral vocal fold immobility) recov-
ered in all of these patients by the 6-week follow-up. The
correlation between upper aerodigestive symptoms
(Table I) and the presence of laryngopharyngeal hematoma
was not signiﬁcant at any assessment (P > .05).
The mean preoperative and postoperative sensory
threshold values examined by FEESST are reported in
Table II. Preoperative measures showed no signiﬁcant
differences (P ¼ .065) between the operated-on side
(6.73 6 1.73) and the opposite side (5.83 6 1.68). Two
days postoperatively, the threshold increased (P ¼ .001)
to 7.62 6 1.98 on the operated-on side; in the eight
patients with postoperative hematoma, we found an
especially elevated (P ¼ .021) measure of 9.50 6 0.93
(Figs 1 and 2; Table II). On the opposite side of the phar-
ynx, the thresholds remained at the same level (P > .05) as
preoperatively over all examinations (Fig 1; Table II); dif-
ferences between the operated-on and control sides were
highly signiﬁcant (P ¼ .004), and also in comparison be-
tween groups with and without hematoma (P ¼ .001;
Table III). Surprisingly, at the 6-week follow-up, the sen-
sory threshold on the operated-on side (6.08 6 2.02)
decreased signiﬁcantly (P ¼ .002), even in relation to the
preoperative measure (P ¼ .022; Figs 1 and 2; Table II).The mean values of preoperative and postoperative
acoustic parameters are reported in Table IV. No signiﬁ-
cant changes were observed in fundamental voice
frequency, jitter, shimmer, DSI, or mean phonation
time at any assessment point. With regard to the safety
of laryngopharyngeal sensory testing, there was no
epistaxis (0%) among 84 FEESST examinations per-
formed, even when patients were treated with platelet
aggregation inhibitors for perioperative antithrombotic
management.
DISCUSSION
Few previous studies have reported investigations of
the upper aerodigestive tract after CEA. The laryngeal
innervation is at risk in all surgical interventions of the
neck, among which thyroid surgery is associated with the
greatest risk. CEA is the second most common nonthyroid
surgical procedure after anterior cervical spine corpectomy
and fusion causing unilateral vocal fold immobility.1 Owing
to their anatomic proximity, iatrogenic injuries of the
recurrent and SLNs in thyroid gland surgery have been
well documented. In accordance with previous studies,
Alufﬁ et al3 reported a 14% incidence of post-
thyroidectomy injury for the EBSLN, whereas Wasserman
et al2 focused on the function of the IBSLN, which is not at
risk during thyroid surgery. Teitelbaum and Wenig7 found
unilateral SLN injury in one of 20 consecutive patients with
thyroidectomy. In a review of the relevant literature, Roy30
concluded that no uniform set of laryngoscopic features
can be considered pathognomonic of unilateral EBSLN pa-
ralysis. The suggested potential diagnostic sign of sideways
epiglottic petiole deviation of cricothyroid muscle weakness
during high-pitched voice production deserves further ex-
amination. We did not ﬁnd any petiole deviation in our
study.
Furlan et al21 described the SLN lying posteriorly on
the carotid arteries where it arises from the vagus nerve;
anatomic variations exist, but are not related to gender,
ethnicity, side of the neck, or individual stature. Tubbs
et al31 described the close relationship of the IBSLN to
the triticeal cartilage in most individuals, thus causing it
to be at risk during surgical manipulation.
An experienced team of vascular surgeons performed the
primary surgical intervention in this study. Indication for
CEA was hemodynamically relevant stenosis of the carotid
Table II. Sensory thresholds examined by Fiberoptic Endoscopic Evaluation of Swallowing With Sensory Testing
(FEESST)a
Variable No.
FEESST, mm Hg
P valueb P valuec P valued
Preoperative
Postoperative
2 days 6 weeks
Mean 6 SD Mean 6 SD Mean 6 SD
Side
Operated-on 26 6.73 6 1.73 7.62 6 1.98 6.08 6 2.02 .001e .002 .022
Nonoperated-on 26 5.83 6 1.68 6.19 6 2.00 5.63 6 1.49 .239 .130 .332
Hematoma 8 7.38 6 2.33 9.50 6 0.93 7.88 6 2.49 .021 .051 .342
No hematoma 8 6.41 6 1.40 6.94 6 1.89 5.22 6 1.09 .175 .001 .004
SD, Standard deviation.
aPentax Medical Company, Montvale, NJ.
bP value preoperatively vs 2 days postoperatively.
cP value at 2 days postoperatively vs 6 weeks postoperatively.
dP value preoperatively vs 6 weeks postoperatively.
eBold P values indicate statistical signiﬁcance (<.05).
th
re
sh
ol
d
in
 m
m
H
g
10.00
8.00
6.00
4.00
preoperative 2 dy postoperative 6 wk postoperative
operated side non operated side
Fig 1. Sensory thresholds in mm Hg examined by Fiberoptic Endoscopic Evaluation of Swallowing With Sensory
Testing (FEESST; Pentax Medical Company, Montvale, NJ) on the operated side (n ¼ 26) and the contralateral side
(control group; n ¼ 26). The horizontal lines at 4.0 and 6.0 mm Hg show the deﬁned laryngopharyngeal sensory
thresholds according to Aviv et al22,23 (normal<4.0 mmHg air-pulse pressure [APP], moderate deﬁcit 4.0-6.0 mmHg
APP, and severe deﬁcit >6.0 mm Hg). The horizontal line in the middle of each box indicates the median; the top and
bottom borders of the box mark the 75th and 25th percentiles, respectively, the whiskers above and below the box show
the maximum and minimum, respectively, and the circles indicate outliers.
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current international guidelines25,26 and surgical trials.32
CEA was performed under platelet aggregation inhibitor
therapy (acetylsalicylic acid or clopidogrel, or both), possibly
explaining the high incidence of postoperative hematomas in
this study comparedwith thyroidectomized patients, who are
usually not anticoagulated. Each surgical intervention wasperformed under general anesthesia because of the potential
transient adverse effects of local anesthesia on the laryngeal
nerves.33
In ﬂexible laryngoscopy, one of our 26 participants
(3.8%) for whom complete observations were available
showed vocal fold immobility on the operated-on side.
This is in agreement with the previously reported incidence
th
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Fig 2. Sensory thresholds in mm Hg examined by Fiberoptic
Endoscopic Evaluation of Swallowing With Sensory Testing
(FEESST; Pentax Medical Company, Montvale, NJ) on the
operated-on side: comparison between patients with (n ¼ 8) and
without (n ¼ 18) postoperative laryngopharyngeal hematoma.
SD, Standard deviation.
Table III. Comparison of sensory thresholds between
the operated side vs nonoperated-on side and group with
hematoma vs group with no hematoma
Variable
FEESST, mm Hg
P valuea
Operated-on side
(n ¼ 26)
Nonoperated-on
side (n ¼ 26)
Mean 6 SD Mean 6 SD
Preoperative 6.73 6 1.73 5.83 6 1.68 .065
Postoperative
2 days 7.62 6 1.98 6.19 6 2.00 .004
6 weeks 6.08 6 2.02 5.63 6 1.49 .208
Hematoma
(n ¼ 8)
No hematoma
(n ¼ 18)
Preoperative 7.38 6 2.33 6.41 6 1.40 .102
Postoperative
2 days 9.50 6 0.93 6.94 6 1.89 .001
6 weeks 7.88 6 2.49 5.22 6 1.09 .001
FEESST, Fiberoptic Endoscopic Evaluation of Swallowing With Sensory
Testing (Pentax Medical Company, Montvale, NJ); SD, standard deviation.
aBold P values indicate statistical signiﬁcance (<.05).
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6878 patients by the Vascular Study Group of New
England showed a cranial nerve injury rate of 5.6% and
involvement of the vagus nerve in 0.7%.12 Previous studies
focused on reports of affected vocal fold mobility and voice
quality, but no macroscopic detectable changes of the
endopharyngeal or laryngeal mucosa were described.8-16
In this context, the eight patients (30.8%) showing postop-
erative hematoma and swelling of the supraglottis at the
operated-on side in the present study is conspicuous. To
our knowledge, this is the ﬁrst report of postoperative
supraglottic hematoma. This may be related to the proto-
col used in this study, which included an early postopera-
tive examination (2 days after CEA), as suggested by
Dionigi et al,29 in contrast to most other protocols in
which the average ﬁrst postoperative examination was per-
formed markedly later. However, even Monini et al,9 who
considered this in their study, did not describe any postop-
erative mucosal lesions 3 days after the intervention. The
conclusion of Echternach et al6 that laryngeal complica-
tions after thyroid surgery are caused primarily by injury
from intubation could explain endolaryngeal hematoma.
Nevertheless, it was located on the operated-on side in
100% of our series of eight patients with laryngopharyngeal
hematoma, suggesting that causes other than the surgical
intervention are highly unlikely. Acetylsalicylic acid or
clopidogrel were never stopped for surgery to prevent post-
operative thrombosis.Bastian et al34 postulated that mucosal sensation is
unimportant to swallowing success; in their study, normal
swallowing occurred spontaneously in the completely anes-
thetized upper aerodigestive tract of healthy adult volun-
teers. This was in accordance with our preoperative
results of a severe sensory deﬁcit on the operated-on side
(6.71 mm Hg) and moderate deﬁcit on the control side
(5.83 mm Hg), whereas none of our patients had
dysphagia preoperatively. The immediate postoperative
complaints of dysphagia, globus sensation, and hoarseness
after CEA are likely due to supraglottic or even glottic
hematoma increasing the supraglottic sensory threshold.
The results of the acoustic voice analysis in the present
study showed transient but not signiﬁcant impairment of
the fundamental frequency (in both sexes), jitter, and
shimmer, whereas mean phonation time and the DSI
did not change, even immediately postoperatively
(Table IV). Impaired vocal quality and a higher incidence
of vocal complaints can be related to surgical manipulation
directly (muscular tension or mobilization, or both, and
intubation) or indirectly (fatigue, swelling, hematoma,
pain, and inﬂammation). Our data conﬁrmed previous
reports of transient or persisting voice-related disturbances
after CEA.8 Cahill et al16 reported no differences over
time in any of the acoustic parameters assessed; in their
study of 28 patients, no signiﬁcant permanent damage
to laryngeal or tongue function was detected after stan-
dard CEA. Our results conﬁrm their suggestion that the
low rate of permanent cranial nerve injury after CEA is
the result of advances in surgical techniques during the
past several decades along with the skill of the individual
surgeon.
With the exception of one patient with unilateral vocal
fold immobility, the possible causes of voice changes are
Table IV. Preoperative and postoperative acoustic objective data
Acoustic parameter
(n ¼ 26)
Preoperative
Postoperative
P valuea P valueb P valuec
2 days 6 weeks
Mean 6 SD Mean 6 SD Mean 6 SD
F0, Hz 136.31 6 30.86 126.42 6 31.41 133.42 6 30.30 .310 .219 .677
Jitter, % 1.52 6 0.95 1.81 6 1.47 1.83 6 1.34 .323 .955 .167
Shimmer, % 5.76 6 2.26 6.41 6 4.80 5.33 6 2.24 .268 .156 .250
MPV, seconds 16.58 6 5.91 16.77 6 6.38 17.27 6 6.09 .455 .387 .340
DSI 2.49 6 1.75 2.02 6 2.73 2.43 6 1.83 .237 .272 .452
DSI, Dysphonia severity index; F0, fundamental frequency; MPV, mean phonation time; SD, standard deviation.
aP value preoperatively vs 2 days postoperatively.
bP value at 2 days postoperatively vs 6 weeks postoperatively.
cP value preoperatively vs 6 weeks postoperatively.
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tion or even division of the extrinsic laryngeal muscles or
their innervating nerves and postoperative adhesions to
the larynx or edema/hematoma may be closely associated
with vocal changes. In addition, dissection or thermal
injury near the laryngeal nerves and traction or compres-
sion of neuronal and laryngeal structures may lead to tran-
sient impairment of voice quality. As suggested by Musholt
et al,5 subsequent alterations of laryngeal nerve function,
especially of the SLN, may not be clinically evident in pa-
tients who do not exploit their functional capacity, which
was the case in all of our patients.
Our study had several limitations. First, we did not
perform laryngeal electromyography to objectively conﬁrm
neural damage1,3 to avoid additional hematoma or swelling
of the upper airway, particularly as patients were treated
with platelet aggregation inhibitors, and also due to lack
of approval for this procedure by the Ethics Committee.
We therefore focused on macroscopic mucosal and sensory
threshold changes and functional outcomes (acoustic
parameters and swallowing evaluation in junction with a
speech pathologist).
As suggested by Tabaee et al,35 mechanical instrumen-
tation or patient discomfort of FEESST itself could theo-
retically affect the results of the study. We attempted to
minimize detection bias by having a single experienced
performer of FEESST (G.P.H.), who was blinded to the
previous results at the follow-up examinations.
Alterations of nerve function after improved blood
supply could theoretically result from improved intracranial
hemodynamics or improved local perfusion of the mucosa
and vasa nervorum. Previous reports regarding the beneﬁ-
cial effects of CEA primarily referred to evaluation of the
risk of stroke after surgical intervention.36 Czerny et al37
suggested improved cognitive brain function, which was
sustained up to 5 years after CEA. This was obviously
caused by intracranial hemodynamic improvement, as
conﬁrmed recently by Youn et al.38 However, the blood
supply of the brainstem vagal nuclei depends on the verte-
brobasilar system, so it seems unlikely that improved
carotid ﬂow would improve laryngeal function byincreasing brainstem perfusion.39 Data of previous reports
concerning peripheral sensory thresholds and blood supply
are rare. In their study, Lang et al40 did not ﬁnd any
sensory function improvement after percutaneous translu-
minal angioplasty determined by standardized quantitative
sensory testing in nondiabetic patients with peripheral
arterial disease, although they were able to reduce
exercise-induced pain in their patients.
Although our sample size was small, the results of this
study are convincing. This is the ﬁrst report to provide
objective and quantitative data regarding enhanced sensory
thresholds after improvement in blood circulation by CEA.
Further investigation is needed to elucidate the cause of
improved laryngeal sensitivity after CEA.
CONCLUSIONS
We found transient postoperative laryngopharyngeal
hematoma on the operated-on side in nearly one-third of
patients after CEA for asymptomatic carotid stenosis. In
most patients, the postoperative symptoms and signs faded
within a few weeks without any speciﬁc therapeutic inter-
vention. In accordance with previous reports, injuries to
the recurrent laryngeal nerve seem to be rare, whereas
SLN function is impaired with regard to laryngopharyngeal
sensitivity immediately after CEA. The signiﬁcant improve-
ment in laryngopharyngeal sensitivity detected after 6 weeks
warrants further investigation of blood circulation and
sensory thresholds.
Because long-term laryngopharyngeal dysfunction is
rare, there is no need to routinely perform laryngoscopic
examinations in patients with CEA. Nevertheless, vascular
surgeons should be aware of the effect of CEA on the
laryngopharynx and should consult a laryngologist when-
ever a patient’s symptoms are severely progressive or do
not recover within a few weeks.
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